Background This study aimed to investigate perceptual body image and the relationship between perceived body image (PBI) and weight control differentiated according to obesity categories across the adult lifespan by sex among Koreans.
Introduction
Obesity is a public health issue because of its epidemic proportions and high comorbidities related to metabolic syndrome, which leads to high mortality from diabetes and cardiovascular diseases. 1 Changes in anthropometric characteristics across the adult lifespan, characterized by an increase in fat mass and the redistribution of trunk and visceral adipose tissue in middle age with a decrease in fat mass as well as body weight and height thereafter, influence the prevalence rates of obesity and the related comorbidities of metabolic syndrome. 2, 3 These developmental changes occur differently according to race and sex, and are influenced by changes in health behaviors such as smoking and alcohol intake, lifetime events such as childbirth and socioeconomic status (SES). [2] [3] [4] However, studies examining these anthropometric changes across the adults lifespan in Asian populations, independent of health behaviors and demographic characteristics, have been rare.
Body image has been demonstrated to be associated with obesity either as a cause or as a result that impacts on weight control behaviors. 5, 6 Perceptual body image, a representative component of body image, is defined as the concordance between perceived and measured body size. 7, 8 Perceptual body size misperception (either underestimation or overestimation) occurs more in individuals with greater obesity, and it can potentially lead to a lesser awareness of the health risks associated with obesity and a reduction in the implementation of weight control behaviors such as dieting and exercise. 5, 9 The accuracy of body size estimation and the link between body image and weight control behaviors are different according to race, sex and SES due to the characteristics of various social and psychological impacts on body image. 5, 6, [9] [10] [11] [12] [13] [14] In addition, body size estimation is influenced differently according to age, possibly due to developmental and generational differences. 5, 6, [9] [10] [11] [12] [13] [14] However, there is a lack of the studies on changes in perceptual body image in relation to anthropometric changes across the adult lifespan and Eun Sun So, Associate Professor the relation of these to weight control behaviors across the entire lifespan among Asians, 5, 6, 12, 15 which makes it difficult to provide appropriate healthcare for Asian individuals at various ages throughout the lifespan.
Therefore, this study investigates perceptual body image across the lifespan by examining the association between perceived body image (PBI) and anthropometrics (body mass index (BMI) or waist circumference (WC), commonly used to measure obesity in relation to health outcomes 2 ) differentiated according to obesity categories by sex among representative Koreans. This study also investigates the relationship between PBI and weight control differentiated according to obesity categories across the lifespan.
Methods
Study data and study subjects
The present study was based on the Korean National Health and Nutrition Examination Survey (KNHANES) data collected by the Korean Centers for Disease Control and Prevention (KCDC) in 2012 and 2013. 16 This survey was conducted to assess national health and nutrition levels, and consists of a health interview survey, a nutrition survey, and a health examination survey. The survey used a stratified, multistage probability sampling design with proportional allocation to select a representative sample of non-institutionalized Koreans. The respondents' data were assigned weights to ensure an equal probability of being sampled and to compensate for missing data.
From these sampling frames, 8057 (80.0%) of 10 069 subjects in 2012 and 8018 (79.3%) of 10 113 subjects in 2013 agreed to participate in the surveys. This study was limited to 10 198 individuals who were aged 25 years or older and had data on all the following variables: BMI, WC and perceived perceptual body image (PBI).
Measures
Anthropometric and other general variables were identified on the basis of the results of a health examination and a health interview, respectively. Trained medical staff or personnel conducted the health examination and the health interview following standardized procedures and based on a structured questionnaire.
Body height, weight and WC were measured to the nearest 0.1 cm, 0.1 kg and 0.1 cm, respectively, while the participants were wearing light clothes. BMI was calculated as kilograms per square meter and weight. WC was measured with non-elastic tape at the end of normal expiration at the midpoint between the lower border of the rib cage and the iliac crest. PBI was assessed by selfreported PBI on a 5-point Likert scale ranging from 1 to 5, categorized as very thin, a bit thin, average, a bit fat and very fat.
BMI was classified into three categories: underweight (<18.5 kg/m 2 ), normal weight (18.5-25 kg/m 2 ) or obese (≥25 kg/m 2 ) and WC was classified into two categories: normal (<90 cm for men and <85 cm for women) and obese (≥90 cm for men and ≥85 cm for women), following Asian cut-off standards 17 . Likewise, PBI was classified into three categories: underweight (very thin or a bit thin), normal (average) or obese (a bit fat or very fat).
As for covariate variables other than age and sex, this study included education, economic status, smoking, alcohol consumption and childbirth. Age groups were classified into six groups: 25-34, 35-44, 45-54, 55-64, 65-74 and ≥75. The education level was categorized into four groups: completion of elementary school, middle school, high school or university. SES was determined from the household's economic status, and was classified into four groups by quartile: lower than 25%, 25-50%, 51-75% and 76-100%. Smoking was assessed by current smoking (Yes/No), and alcohol intake was assessed by monthly ingestion of alcoholic beverages (Yes/No). Childbirth was assessed by lifetime experience of giving birth in women.
Statistical analyses
Based on a complex survey design, the data were weighted by proportion to the total Korean population. All analyses were performed according to age groups and by sex. General characteristic variables (covariates) were displayed by their actual frequencies and weighted percentages. Anthropometric and PBI variables were displayed by their weighted means and standard deviations and their classifications based on obesity categories were displayed by their actual frequencies and weighted percentages. The chi-square test was used to examine the age group differences of general characteristics and obesity categories measured by anthropometric and PBI characteristics. PBI was analyzed by either nonparametric methods by three obesity categories and parametric methods by its 5-point Likert scale to compare other anthropometric variables (BMI or WC) according to age groups since parametric methods can be utilized for ordinal variables like a Likert scale without increasing statistical robustness. 18 Multiple linear regression analysis was performed to examine the anthropometric and PBI differences between the reference group (25-34 years) and other age groups after adjustment for covariates. The percentages of obese cases based on PBI are presented according to obesity categories based on BMI or WC, and kappa statistics were used to test agreement between PBI and BMI or WC. Also, multiple linear regression was performed to examine the association between BMI or WC and PBI differentiated according to obesity categories. Finally, multiple logistic regression was performed to examine the association between PBI and weight control as an outcome differentiated according to obesity categories measured by BMI or WC. All statistical analyses were performed with SPSS 21.0, which includes procedures for the analysis of complex survey data.
Results
General, anthropometric and PBI characteristics according to age group by sex Table 1 represents general characteristics and their differences according to age groups by sex. There were significant differences among the age groups with regard to education, SES, smoking and alcohol intake in both men and women (P < 0.001). Those in older age groups tended to be less educated, have a lower economic status, smoke less and drink alcohol less. In women, there were also significant differences among the age groups with regard to childbirth: those in older age groups were likely to have experienced giving birth. Tables 2-3 represent anthropometric and PBI characteristics and their differences differentiated by obesity categories according to age group by sex. As for anthropometric and PBI characteristics, in men, mean height and weight Weighed percentages take into consideration the complex survey design. Weighed means ± SD and percentages take into consideration the complex survey design.
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measurements decreased with greater age. Similarly, the mean BMI and PBI measurements significantly decreased with greater age, even after adjustment for general characteristics. Compared to the BMI and PBI of the 25-34 age group, significant decreases in the measurements were reported with age, with the greatest decrease in the ≥75 age group (P < 0.001). However, the mean WC was similar across different age groups. In women, the mean height measurement decreased with greater age, but the mean weight measurement increased at first and then decreased with greater age. Similarly, the mean BMI and WC significantly increased at first and then decreased with age after adjustment for general characteristics. Compared to the BMI and WC of the 25-34 age group, whereas significant increases were reported until the 65-74 age group in BMI and until the ≥75 age group in WC, with the greatest increase in both BMI and WC in the 65-74 age group (P < 0.001). In contrast to the increases in BMI and WC in the 65-74 age group, compared to the PBI of the 25-34 age group, significant decreases in PBI were reported for the 65-74 age group. Table 4 represents the sex, age groups and obesity categories based on BMI-or WC -specific associations between BMI or WC and PBI. After adjustment for general characteristics, linear associations between PBI and BMI or WC were found in the normal weight and obese groups in all age groups in both sexes. The BMI or WC differences for each one unit difference in PBI were found to be significantly greater among obese individuals of younger age groups (BMI and WC) in both sexes and among obese individuals of the ≤64 (BMI) or ≤44 (WC) age groups compared to normal weight groups in men, and in obese individuals of all ages (BMI) or the ≥75 age group (WC) compared to normal weight groups in women.
The association between PBI and weight control according to age group by sex Table 5 represents the sex, age groups and obesity categories based on BMI-or WC-specific associations between PBI and weight control. After adjustment for general characteristics, in men, significantly positive associations between PBI and weight control were found in obese groups from the 45-54 or 65-74 age groups measured by BMI and WC and normal weight groups from the 35-44 or 35-64 age groups measured by BMI and WC, respectively. In women, significantly positive associations between PBI and weight control were found in obese groups from the ≥65 or ≥75 age groups and normal weight groups from the ≤54, 65-74, or ≤74 age groups measured by BMI and WC, respectively.
Discussion Main findings of this study
In Korean men, PBI decreased with age just as BMI decreased with age, with the ≥75 age group having both the lowest PBI and BMI. However, no significant differences in WC were found across the adult lifespan. In women, PBI showed stability up to the 55-64 age group and then decreased with age as compared to BMI and WC, which increased up to the 65-74 age group and then decreased with age. As for the association between PBI and BMI or WC, there was significant discordance found in all age groups in both sexes. In particular, the discordance for obesity grew more severe with age. Also, linear associations between PBI Table 1 .
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and BMI or WC were found in normal weight and obese groups in all age groups in both sexes, with relatively greater BMI or WC differences for PBI found in obese groups of younger and ≤64 or ≤44 age groups compared to normal weight in men and of younger and all ages or the ≥75 age group compared to normal weight (measured by BMI and WC, respectively) in women. As for the association between PBI and weight control, there were positive associations between PBI and weight control found in obese groups of the 45-54 and 65-74 age groups (measured by both BMI and WC) in men and of the ≥65 or ≥75 age groups (measured by BMI and WC, respectively) in women.
What is already known on this topic
Perceptual body image and its association with weight control behaviors differs according to obesity, ethnicity, sex, SES and age. That is, overweight or obese blacks, men and individuals of higher SES underestimate their body size more than their counterparts (overweight or obese whites, women and individuals of lower SES), and those in underweight or normal weight groups overestimate their body size. 5, 6, [11] [12] [13] [14] [15] 19 Also, older black men and women (aged ≥ 65) underestimate their body size and younger white women (aged < 64) and men (aged between 35 and 65) overestimate. 5, 9, 12 Note that increases in body weight and WC across the lifespan have been reported until~70 years of age among whites and blacks. 2, 3 As for the association of body image with weight control, according to a CARDIA longitudinal study, 20 the only study that has examined the association up until now, obese white and black women who perceive their body size to be obese lost weight over years, but such associations were not observed in non-obese women and in men. Among normal weight individuals, white women who underestimate or estimate the correct body size and black women who overestimate and white and black men who overestimate gained less weight. Other than race and sex differences that have been found according to obesity categories in the association between perceptual body image and weight control, the association across the adult lifespan has not been examined yet. Fig. 2 Distribution of obesity categories based on PBI in relation to obesity categories based on WC according to age group in men and women. .00*** a *P < 0.05, **P < 0.01, ***P < 0.001 marked for the statistical significance.
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b Adjusted for general characteristics shown to be statistical significant in Table 1 . a *P < 0.05, **P < 0.01, ***P < 0.001 marked for the statistical significance.
b Adjusted for general characteristics shown to be statistically significant in Table 1 .
c Not presented because of a lack of fit of the model.
What this study adds
This study demonstrated the changes in anthropometric characteristics across the adult lifespan among Koreans. Unlike the anthropometric changes across the lifespan of other races, 2, 3 Korean men tend to lose weight and not to accumulate fat mass in the abdomen with age. However, Korean women followed similar trends to those of other races, 2, 3 showing the greatest increases in weight and fat mass in the abdomen at the age of 65-74, and rapid decreases in weight and somewhat decreased WC after the age of 75.
This study found that there was significant discordance between perceived and measured body size in all age groups in Korean men and women. In particular, the discordance was more severe with age in men and women, when measured by BMI rather than WC. However, the specific findings supporting these conclusions are different by sex. In women, the kappa coefficient of those aged ≤64 years was >0.40 and of those ≥65 years was ≤0.40. Also, with regard to linear associations between PBI and BMI or WC, compared to normal weight individuals, the obese individuals of all ages (BMI) or the ≥75 (WC) age group in women had a relatively larger increase in BMI or WC respectively per unit increase in PBI. This means that obese individuals of these age groups tend to underestimate their weight status relatively more than normal weight individuals, respectively. 21 Again, this is consistent with the findings that the disconcordance between PBI and BMI or WC for obesity was more severe with age; for example, <50% of those of ≥75 years of age who were obese perceived their weight as obese. As for weight control in relation to PBI, a higher PBI of obese individuals from the ≥65 or ≥75 age groups measured by BMI and/or WC was found to be associated with higher odds of acting on weight control. These findings demonstrate that older obese women (≥65 or ≥75 age groups measured by BMI and WC, respectively) underestimate their body size more than any other age groups, and PBI may be a motivational factor for weight control for them. The possible reason that older women have body size misperception (especially, underestimation) is that they may shift the importance of appearance to functional aspects of their body as they face the loss of body size and function and accept agerelated changes in appearance. 15, 22, 23 Also, accurate body size perception may lead them to conduct weight control on the basis of increase in psychological factors such as self-efficacy and self-esteem. 6, 15, 24, 25 Therefore, to encourage lifestyle changes including weight control, it is important to intervene to make them aware of their actual body size according to different measurements for obesity in elderly female populations.
In men, the discordance between perceived and measured body size was more severe in the 45-54 age group and with age; the kappa coefficient of those aged ≤44 and 55-64 years was >0.40 and 45-54 and of those ≥65 years was ≤0.40. Also, compared to normal weight individuals, the obese individuals of the ≤64 (BMI) or ≤44 (WC) age groups underestimate their weight status relatively more than normal weight individuals. 21 This is because men of normal weight tend to perceive themselves as underweight, but women of underweight tend to perceive themselves as obese as demonstrated in Fig. 1 . As for weight control in relation to PBI, a higher PBI of obese individuals from the 45-54 and 65-74 age groups measured by BMI or WC was found to be associated with higher odds of acting to control one's weight. These findings demonstrate that obese men in the 45-54 and 65-74 age groups underestimate their body size more than any other age group, and PBI may be a motivational factor for weight control for them. The reason that men of any age underestimate their body size is that men generally wish to have a large body size, focusing on increasing muscle tone rather than losing weight. 26, 27 Therefore, measurements other than BMI or WC, including muscularity, may be needed to determine body size in men. Similarly, after identifying body size, psychological factors including body image that may affect the link between PBI and weight control require examination. 22 Therefore, the 45-54 and 65-74 age groups, who had a greater discrepancy between actual and perceived body size and an association between PBI and weight control, should be encouraged to aim for the appropriate body size perception. 28 
Limitations of this study
This study used a cross-sectional design to investigate anthropometric metrics, perceptual body image and its association with weight control across the lifespan. Since age differences in the cross-sectional design are confounded in the particular contemporary environment, 11 a longitudinal study will be necessary to explore developmental changes in the future. However, the findings of this study including a whole range of lifespan are generalizable due to the representative data used.
Conclusion
The discordance between perceived and measured body size was more severe with age in both obese men and women. Older obese women aged ≥65 or ≥75 measured by BMI and WC, respectively, underestimated their body size and showed a signficant association between PBI and weight control. Older obese men aged 65-74 showed a significant association between PBI and body weight. Therefore, women of the ≥65 or ≥75 age groups and men of the 65-74 age group measured by BMI and WC and BMI or WC, respectively, should receive strategic emphasis on accurate body size perception to facilitate health behavior changes, including weight control.
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